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Introduction
Percutaneous coronary interventions (PCIs) in chronic total occlusion (CTO) still represent one of the hardest procedures in interventional cardiology. It requires very careful preparation including: evaluation of clinical situation, assessment of left ventricular function, ischemia and viability, analysis of the angiogram and planning of the procedure. One of the elements of procedure plan is selection of arterial access. Routine practice of the majority of CTO-dedicated centers and operators shows that CTO PCIs are performed mainly using large guiding catheter and transfemoral approach (TFA). The TFA is the worldwide accepted method for CTO intervention as femoral artery can accommodate a larger guiding catheter providing better support and a larger working space. Nevertheless, TFA has several clinical and anatomical limitations including distal abdominal aortic disease, very tortuous or occluded ilio-femoral arteries, morbid obesity, and long period of bed rest required after the procedure.
Transfemoral access is associated with higher risk of vascular access complications [1] . Significant hemostatic difficulties can occur with the TFA in obese patients, which may increase the risk of groin complications and lead to longer hospitalization. The risk reduction is more pronounced among patients presenting with acute coronary syndromes, likely because of aggressive antico-agulation and antiplatelet regimens used in these patients [1] .
An alternative approach for CTO interventions is therefore needed to addresses these limitations.
The data from the literature as well as clinical practice indicate that transradial approach (TRA) is a valuable alternative to TFA. It has been reported that using TRA reduces vascular complications and may be associated with a better clinical outcome. For these reasons, radial access is widely used in routine coronary procedures, and is recommended especially in acute coronary syndromes [2] . Transradial access is also used in complex percutaneous coronary intervention (PCI) and peripheral interventions. There is a growing body of evidence regarding the use of this approach also in CTO procedures [3] .
The TRA for PCI was introduced in 1993, and has been shown to have many benefits as compared with the TFA, such as: fewer access site complications, earlier ambulation, shorter hospital stay, patient preference and lower medical cost. The popularity of the TRA for PCI varies by country, and although a longer learning curve of TRA has been reported, in places such as Canada, Europe, and Asian regions, the TRA for PCI comprise from 40% to 60% of all PCI cases [4] . In 2015 in Poland most coronary angiographies (80%) were performed via TRA (unpublished data of Polish Registry of Invasive Cardiology Procedures). Polish data regarding usage of TRA in CTO are limited. Jaguszewski et al. [5] in a series of 1110 CTO treated by antegrade approach from 2003 to 2010 reported no differences in success rate depending on the chosen access site. As described in the first Polish publication concerning recanalization of coronary chronic total occlusion by retrograde approach, in this special sub-set of procedures we used only femoral access [6] .
In this review, we provide an overview of technical details of TRA for CTO PCI and existing scientific data in this field.
Technical aspects
In the EuroCTO Club consensus document prepared by the top European experts in the field of CTO recanalization, the authors emphasize that in Europe most experts use the femoral approach for the target CTO vessel (90%). Moreover, they state that it has not been shown that either access is preferable except for about 10% of the cases in which even experienced radial operators select the femoral route [7, 8] . Surprisingly, the same statement was published 5 years earlier in the first EuroCTO Club consensus [9] .
The selection of the access route is determined by the individual patient's situation. Operator may be forced to use TRA in severe peripheral vascular disease or when only one femoral access is available to use in combined approach, femoral and radial. In this specific situation femoral approach is used for CTO lesion, and the radial for contralateral injection (5 Fr or 6 Fr diagnostic catheters) or for retrograde access in retrograde procedure. Operator's preferences and familiarity with both accesses are very important.
The first step for a successful CTO recanalization is the selection of the guiding catheter. Correct guiding catheter should provide the necessary back-up force, support and stability throughout the whole procedure. Obtaining good passive support with coaxial alignment or ability to introduce guiding catheter into the coronary artery for active support is crucial for CTO procedures [7] . Passive support is greatest with large guiding catheters such as 7 Fr or 8 Fr, while 6 Fr catheters offer the best balance between active and passive support. In the authors' opinion, it is more difficult to obtain good support by TRA.
The catheter shape is essential for providing optimal engagement of the artery and a coaxial orientation. The extra back-up shape is the most used for the left coronary engagement, especially if a TRA is planned. Amplatz left curves are good alternatives, mostly for left circumflex lesions. For the right coronary artery, Judkins right or Amplatz right represent the best choice, while the Amplatz left curves are useful for shepherd's crook origin engagement.
Selection of the right catheter size should be dictated by the type and combination of devices used during the procedure. It should be noted that bigger catheters provide higher passive back-up. However, modern interventional cardiology is moving away from the use of large catheters, mainly due to the miniaturization of intracoronary balloons and stents. On the contrary, procedures of CTO recanalization are very complex, and it is not so rare that the combination of dedicated microcatheters, intravascular ultrasound, re-entry devices and bilateral injection has to be utilized.
Despite optimal catheter selection and coronary engagement, sometimes an extra back-up support is needed. If a small catheter is selected, extra support may be achieved by deeper intubation. Otherwise anchoring the catheter to a small branch may be second option. Burzotta et al. [3] performed the bench test and described in details compatibility of CTO PCI techniques that could be currently used with different guiding catheters (GC). The internal diameters of GC from different companies (Cordis, Medtronic and Asahi) vary from 0.56-0.58 inch for 5 Fr guiding catheters to 0.88-0.90 inch for 8 Fr guiding catheters [3] . The authors divided access device sizes into following categories: 5 Fr sheath + GC, 6 Fr sheath + GC, 6.5 Fr sheathless GC, 7 Fr sheath + GC, 7.5 Fr sheathless GC, and 8 Fr sheath + GC. They tested Finecross (Terumo) and Quickross (Spectranetics) microcatheters, but not very popular currently Corsair microcatheter (Asahi). Possible combinations for the parallel wire technique include: wire + 1 microcatheter (can be used in every situation), 2 microcatheters (not in 5 Fr GC), 1 microcatheter + 1 OTW balloon (in 7 Fr GCs and larger), 2 OTW balloons (only in 8 Fr GC). Side branch anchoring balloon and balloon trapping (useful for both antegrade and retrograde PCI technique) with the use of 1 monorail balloon + 1 microcatheter or 1 monorail balloon + 1 OTW balloon demand GC larger than 5 Fr.
When performing CTO PCI under IVUS guidance (which is increasingly popular technique) using a wire supported by microcatheter, the size of GC must be at least 7 Fr.
In CTO recanalization there are many adjunctive devices useful for both antegrade and retrograde CTO PCI techniques. Rotablation is a unique technique that can help in dilatation of heavily calcified vessels. When using rotablator with 1.25-1.75 mm burr, minimal size of GC is 6.5 Fr sheathless, and for rotablator with 2.0-2.25 mm burr minimal size is 7 Fr GC. Laser 0.9-1.4 mm could be accommodated by smallest GC; for laser 1.7-2.2 mm minimal size of GC is 7 Fr. For both diameters of Tornus, 2.1 Fr and 2.6 Fr, required size of the catheter is minimum 6 Fr GC. Corsair (Asahi) microcatheter could be accommodated by 6 Fr GC, but based on our experience, a catheter of this size does not provide sufficient space to introduce other devices and if the use of other devices is planned, a minimum size of a GC is 7 Fr GC. For CrossBoss Catheter and Stingray CTO re-entry device 6 Fr GC could be used, but to allow the other techniques to be utilized larger GC is necessary.
The manufacturers work constantly on miniaturizing the external diameter of the guiding catheters and providing larger internal diameter; therefore, there is a growing need for obtaining the results of the new bench tests of new guiding catheters.
We should stress some limitations of the bilateral forearm approach. Firstly, the forearm arteries have potential anatomical variations such as looping or small accessory radial arteries. Moreover, buckling of the innominate artery can occur or tortuosity of the subclavian artery may be present. Secondly, patients with end-stage renal disease may need further protection of the forearm arteries. Finally, the retrograde shorter guiding catheter (85-90 cm) is too short to reach the coronary ostia in patients who are taller than 175 cm.
There are also some tips and tricks that allow simultaneous usage of two 6 Fr guiding catheters, one as an operating guidewire and the other for retrograde visualization and for antegrade IVUS control, using so called "ping-pong technique" [11] . Nowadays, use of a sheathless guiding system allows CTO PCI with 8.5 Fr guiding catheters introduced through an arterial puncture equivalent to that created by a 6 Fr sheath, obviating some of the challenges associated with small radial sheath size.
The equipment for PCI is being miniaturized year by year. This can lead to improvement of TRA CTO interventions by increasing the number of techniques which can be performed through small sheaths. Moreover, new smaller guiding catheters with sufficient internal lumen to perform complex CTO procedure are being developed [2] .
Scientific data
There are many studies in the available literature but none of them is randomized. In 2013 Burzotta et al. [3] published a meta-analysis concerning PCI on CTO by radial approach. They performed a systematic search both in Medline and in the main international websites. Key data were extracted and analyzed using standard meta-analytic techniques. They identified 13 observational studies including 3501 CTOs treated by TRA. Overall, the crossover to TFA rate ranged between 0% and 5.8%. Access site complications were noted in < 1% of cases and in-hospital major adverse events were reported in 0-3.8% of patients. PCI success was significantly influenced by the learning curve: in 5 studies a significant improvement in the success rate between the initial and later period of practice was observed (OR 0.30, 95% CI 0.39-0.51; p < 0.001). In cited publication, the main technique used for recanalization was antegrade technique with procedure success varying from 66% to 84%. In 3 biggest reported series of patients by Wu et [12] [13] [14] . Retrograde technique was used by Burzotta et al. [15] in 3% of 167 lesions and by Liu et al. [16] in 5.8% of 120 lesions, which is lower than actually reported frequency of usage of this very important technique [6] . Two papers describe the patients treated only retrogradely, Wu et al. [4] and Rinfret et al. [17] reported 87% and 88% success rate, respectively. We do not have the possibility to assess the difficulty of attempted lesions as the J-CTO score which is the most popular index of severity of CTO was not available at the time of majority of those publications, or not calculated nor reported.
Recently, American authors presented their experience comparing the technique and outcome of TRA vs. TFA access among 650 CTO PCI cases performed between January 2012 and March 2014 at 6 United States centers [18] . TRA access was used in 110 (17%) of the 650 cases. They used bilateral radial access (63%), bilateral radial access plus unilateral or bilateral femoral access (7%), unilateral radial access plus unilateral or bilateral femoral access (26%), and unilateral radial access (4%). Similar technical (92.6% vs. 93.0%, p = 0.87) and procedural (91.1% vs. 90.0%, p = 0.95) success and major complication rates (1.7% vs. 1.8%, p = 0.99) were observed. However, TRA access was associated with higher mean procedure duration (142 ± 83 vs. 120 ± 60 min, p = 0.008), fluoroscopy time (58 ± 40 vs. 49 ± 31 min, p < 0.026) and number of crossing approach changes (0.7 ± 1.0 vs. 0.5 ± 0.7, p = 0.008). They also calculated J-CTO score: in all group it was 2.7 ± 1.2 and in TRA group it was significantly higher (3.1 ± 1.0) compared with 2.6 ± 1.2 in TFA group (p < 0.001). Looking at the technical aspects of the procedures, the final successful crossing technique with TRA was more commonly antegrade wire escalation (57% vs. 39%) and less commonly antegrade dissection re-entry (17% vs. 29%), whereas use of the retrograde approach was similar in both groups (27% vs. 32%).
It should be emphasized that most patients included in those studies were men. Although women are more likely than men to have vascular access complications with a TFA, they also have smaller radial arteries, which may preclude utilization of large catheters [19, 20] . We should also remember that cited studies were performed by highly experienced operators in experienced centers and the results cannot be automatically translated into real world. A meta-analysis of Burzotta et al. [3] showed significant improvement in the transradial CTO PCI success rates with increasing experience. Of particular importance is proper education of interventional cardiologists and dedicated CTO operators [7, 21] . Therefore, the potential benefits of the TRA (lower risk for vascular access complications) should be weighed against the potential disadvantages of this approach and the decision to proceed with either approach should be based on the characteristics of the individual patient as well as the operator's experience.
Conclusions
Transradial access for coronary CTO treatment is feasible and could be very useful in selected patients and clinical situations. In our opinion, TFA still remains the gold standard for PCI in CTO, especially in complex lesions and retrograde
